Contents
Foreword iv
Preface v Dedications vi Preface
Hywel Dafydd has updated and improved the first edition of Key Notes on Plastic Surgery. He has worked tirelessly to include new and better diagrams and improve the content whilst maintaining the book's ethos -to succinctly communicate the essentials of Plastic Surgery. We hope you enjoy the book and find it helpful in making you a better Plastic Surgeon.
Adrian Richards
The first edition of Key Notes has proved to be exceptionally popular for over a decade. Accessible, informative and succinct, it became the preferred handbook for innumerable plastic surgery trainees. It was typeset with enough 'white space' to accommodate trainees' notes and sketches as they approached their final plastic surgery examination. Nevertheless, an update was much-needed: the field of plastic surgery has moved on apace and a detailed British plastic surgery syllabus was introduced. The material of the first edition has been updated, rewritten and expanded with several new sections to reflect this. In addition, a new chapter is provided: 'Ethics and the law'. The number of diagrams has more than doubled, which should help with learning the 'essentials', such as cleft lip repair and eyelid anatomy. Key Notes is now more complete and, although necessarily larger, remains true to the format and style of the first edition. We hope that Key Notes continues to be useful to plastic surgeons worldwide. 
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General Principles
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• Skin differentiates from ectoderm and mesoderm during the 4th week.
• Skin gives rise to:
∘ Teeth and hair follicles, derived from epidermis and dermis ∘ Fingernails and toenails, derived from epidermis only.
• Hair follicles, sebaceous glands, sweat glands, apocrine glands and mammary glands are 'epidermal appendages' because they develop as ingrowths of epidermis into dermis. The epidermis
• Composed of stratified squamous epithelium.
• Derived from ectoderm.
• Epidermal cells undergo keratinisation -their cytoplasm is replaced with keratin as the cell dies and becomes more superficial.
• Rete ridges are epidermal thickenings that extend downward between dermal papillae.
• Epidermis is composed of these five layers, from deep to superficial: 1 Stratum germinativum ∘ Also known as the basal layer. ∘ Cells within this layer have cytoplasmic projections (hemidesmosomes), which firmly link them to the underlying basal lamina.
∘ The only actively proliferating layer of skin. ∘ Stratum germinativum also contains melanocytes. 
Cellular composition of the epidermis
• Keratinocytes -the predominant cell type in the epidermis.
• Langerhans cells -antigen-presenting cells (APCs) of the immune system.
• Merkel cells -mechanoreceptors of neural crest origin.
• Melanocytes -neural crest derivatives:
∘ Usually located in the stratum germinativum. ∘ Produce melanin packaged in melanosomes, which is delivered along dendrites to surrounding keratinocytes.
∘ Melanosomes form a cap over the nucleus of keratinocytes, protecting DNA from UV light.
The dermis
• Accounts for 95% of the skin's thickness.
• Derived from mesoderm.
• Papillary dermis is superficial; contains more cells and finer collagen fibres.
• Reticular dermis is deeper; contains fewer cells and coarser collagen fibres.
• It sustains and supports the epidermis.
• Dermis is composed of: 1 Collagen fibres ∘ Produced by fibroblasts. ∘ Through cross-linking, are responsible for much of the skin's strength. ∘ The normal ratio of type 1 to type 3 collagen is 5:1.
Elastin fibres
∘ Secreted by fibroblasts. ∘ Responsible for elastic recoil of skin. 
Skin appendages
Hair follicles
• Each hair is composed of a medulla, a cortex and an outer cuticle.
• Hair follicles consist of an inner root sheath (derived from epidermis), and an outer root sheath (derived from dermis).
• Several sebaceous glands drain into each follicle.
∘ Drainage of the glands is aided by contraction of arrector pili muscles.
• Vellus hairs are fine and downy; terminal hairs are coarse.
• Hairs are either in anagen (growth), catagen (regressing), or telogen (resting) phase.
∘ <90% are in anagen, 1-2% in catagen and 10-14% in telogen at any one time.
Eccrine glands
• These sweat glands secrete odourless hypotonic fluid.
• Present in almost all sites of the body.
• Occur more frequently in the palm, sole and axilla.
Apocrine glands
• Located in axilla and groin.
• Emit a thicker secretion than eccrine glands.
• Responsible for body odour; do not function before puberty.
• Modified apocrine glands are found in the external ear (ceruminous glands) and eyelid (Moll glands).
• The mammary gland is a modified apocrine gland specialised for manufacture of colostrum and milk.
• Hidradenitis suppurativa is a disease of apocrine glands.
Sebaceous glands
• Holocrine glands that drain into the pilosebaceous unit in hair-bearing skin.
• They drain directly onto skin in the labia minora, penis and tarsus (meibomian glands).
• Most prevalent on forehead, nose and cheek; absent from palms and soles.
• Produce sebum, which contains fats and their breakdown products, wax esters and debris of dead fat-producing cells.
∘ Sebum is bactericidal to staphylococci and streptococci.
• Sebaceous glands are not the sole cause of so-called sebaceous cysts.
• These cysts are in fact of epidermal origin and contain all substances secreted by skin (predominantly keratin).
∘ Some maintain they should therefore be called epidermoid cysts.
Types of secretion from glands
• Eccrine or merocrine glands secrete opened vesicles via exocytosis.
• Apocrine glands secrete by 'membrane budding' -pinching off part of the cytoplasm in vesicles bound by the cell's own plasma membrane.
• Holocrine gland secretions are produced within the cell, followed by rupture of the cell's plasma membrane.
Histological terms
• Acanthosis: epidermal hyperplasia.
• Papillomatosis: increased depth of corrugations at the dermoepidermal junction.
• Hyperkeratosis: increased thickness of the keratin layer.
• Parakeratosis: presence of nucleated cells at the skin surface.
• Pagetoid: when cells invade the upper epidermis from below.
• Palisading: when cells are oriented perpendicular to a surface.
Blood supply to the skin
• Epidermis contains no blood vessels.
• It is dependent on dermis for nutrients, supplied by diffusion.
Anatomy of the circulation
• Blood reaching the skin originates from named deep vessels.
• These feed interconnecting vessels, which supply the vascular plexuses of fascia, subcutaneous tissue and skin.
Deep vessels
• Arise from the aorta and divide to form the main arterial supply to head, neck, trunk and limbs.
Interconnecting vessels
• The interconnecting system is composed of:
∘ Fasciocutaneous (or septocutaneous) vessels -Reach the skin directly by traversing fascial septa.
-Provide the main arterial supply to skin in the limbs.
• Musculocutaneous vessels ∘ Reach the skin indirectly via muscular branches from the deep system. ∘ These branches enter muscle bellies and divide into multiple perforating branches, which travel up to the skin. 
Angiosomes
• An angiosome is a three-dimensional composite block of tissue supplied by a named artery.
• The area of skin supplied by an artery was first studied by Manchot in 1889.
• His work was expanded by Salmon in the 1930s, and more recently by Taylor and Palmer.
• The anatomical territory of an artery is the area into which the vessel ramifies before anastomosing with adjacent vessels.
• The dynamic territory of an artery is the area into which staining extends after intravascular infusion of fluorescein.
• The potential territory of an artery is the area that can be included in a flap if it is delayed.
• Vessels that pass between anatomical territories are called choke vessels.
• The transverse rectus abdominis myocutaneous (TRAM) flap illustrates the angiosome concept well:
Zone 1
• Receives musculocutaneous perforators from the deep inferior epigastric artery (DIEA) and is therefore in its anatomical territory.
Zones 2 and 3
• There is controversy as to which of the following zones is 2 and which is 3.
• Hartrampf's 1982 description has zone 2 across the midline and zone 3 lateral to zone 1.
∘ Holm's 2006 study shows the opposite to be true.
• Skin lateral to zone 1 is in the anatomical territory of the superficial circumflex iliac artery (SCIA).
∘ Blood has to travel through a set of choke vessels to reach it from the ipsilateral DIEA.
• Skin on the contralateral side of the linea alba is in the anatomical area of the ipsilateral DIEA.
∘ It is also within the dynamic territory of the contralateral DIEA. ∘ This allows a TRAM flap to be reliably perfused based on either DIEA.
Zone 4
• This lies furthest from the pedicle and is in the anatomical territory of the contralateral SCIA.
• Blood passing from the pedicle to zone 4 has to cross two sets of choke vessels.
• This portion of the TRAM flap has the worst blood supply and is often discarded.
Arterial characteristics
• Taylor made the following observations from his detailed anatomical dissections:
∘ Vessels usually travel with nerves. ∘ Vessels obey the law of equilibrium -if one is small, its neighbour will tend to be large. ∘ Vessels travel from fixed to mobile tissue. ∘ Vessels have a fixed destination but varied origin. ∘ Vessel size and orientation is a product of growth.
Venous characteristics
• Venous networks consist of linked valvular and avalvular channels that allow equilibrium of flow and pressure.
• Directional veins are valved; typically found in subcutaneous tissues of limbs or as a stellate pattern of collecting veins.
• Oscillating avalvular veins allow free flow between valved channels of adjacent venous territories.
∘ They mirror and accompany choke arteries. ∘ They define the perimeter of venous territories in the same way choke arteries define arterial territories.
• Superficial veins follow nerves; perforating veins follow perforating arteries.
The microcirculation
• Terminal arterioles are found in reticular dermis.
∘ They terminate as they enter the capillary network.
• The precapillary sphincter is the last part of the arterial tree containing muscle within its wall.
∘ It is under neural control and regulates blood flow into the capillary network.
• The skin's blood supply far exceeds its nutritive requirements.
• It bypasses capillary beds via arteriovenous anastomoses (AVAs) and has a primarily thermoregulatory function.
∘ AVAs connect arterioles to efferent veins.
• AVAs are of two types: 1 Indirect AVAs -convoluted structures known as glomera (sing. glomus) -Densely innervated by autonomic nerves. 2 Direct AVAs -less convoluted with sparser autonomic supply.
Control of blood flow
• The muscular tone of vessels is controlled by:
Pressure of the blood within vessels (myogenic theory) • Originally described by Bayliss, states that:
∘ Increased intraluminal pressure results in constriction of vessels. ∘ Decreased intraluminal pressure results in their dilatation.
• Helps keep blood flow constant; accounts for hyperaemia on release of a tourniquet.
Neural innervation
• Arterioles, AVAs and precapillary sphincters are sympathetically innervated.
• Increased arteriolar tone results in decreased cutaneous blood flow.
• Increased precapillary sphincter tone reduces blood flow into capillary networks.
• Decreased AVA tone increases non-nutritive blood flow bypassing the capillary bed.
Humoral factors
• Epinephrine, norepinephrine, serotonin, thromboxane A2 and prostaglandin F 2α cause vasoconstriction.
• Histamine, bradykinin and prostaglandin E 1 cause vasodilatation.
• Low O 2 saturation, high CO 2 saturation and acidosis also cause vasodilatation.
Temperature
• Heat causes cutaneous vasodilatation and increased flow, which predominantly bypasses capillary beds via AVAs.
The delay phenomenon
• Delay is any preoperative manoeuvre that results in increased flap survival.
• Historical examples include Tagliacozzi's nasal reconstruction described in the 16th century.
∘ Involves elevation of a bipedicled flap with length : breadth ratio of 2:1. ∘ The flap can be considered as two 1:1 flaps. ∘ Cotton lint is placed under the flap, preventing its reattachment. ∘ Two weeks later, one end of the flap is detached from the arm and attached to the nose.
-A flap of these dimensions transferred without a delay procedure would have a significant chance of distal necrosis.
• Delay is occasionally used for pedicled TRAM breast reconstruction.
∘ The DIEA is ligated two weeks prior to flap transfer.
• The mechanism of delay remains incompletely understood.
• These theories have been proposed to explain the delay phenomenon:
Increased axiality of blood flow • Removal of blood flow from the periphery of a random flap promotes development of an axial blood supply from its base.
• Axial flaps have improved survival compared to random flaps.
Tolerance to ischaemia
• Cells become accustomed to hypoxia after the initial delay procedure.
• Less tissue necrosis therefore occurs after the second operation.
Sympathectomy vasodilatation theory
• Dividing sympathetic fibres at the borders of a flap results in vasodilatation and improved blood supply.
• But why, if sympathectomy is immediate, does the delay phenomenon only begin to appear at 48 hours, and why does it take 2 weeks for maximum effect?
Intraflap shunting hypothesis
• Postulates that sympathectomy dilates AVAs, resulting in an increase in nonnutritive blood flow bypassing the capillary bed.
• A greater length of flap will survive at the second stage as there are fewer sympathetic fibres to cut and therefore less of a reduction in nutritive blood flow.
Hyperadrenergic state
• Surgery results in increased tissue concentrations of vasoconstrictors, such as epinephrine and norepinephrine.
• After the initial delay procedure, the resultant reduction in blood supply is not sufficient to produce tissue necrosis.
∘ The level of vasoconstrictor substances returns to normal before the second procedure.
• The second procedure produces another rise in the concentration of vasoconstrictor substances.
∘ This rise is said to be smaller than it would be if the flap were elevated without a prior delay.
• The flap is therefore less likely to undergo distal necrosis after a delay procedure.
Unifying theory
• Described by Pearl in 1981; incorporates elements of all these theories.
Classification of flaps
• Flaps can be classified by the five 'C's:
Circulation
• Can be further subcategorised into:
∘ Random ∘ Axial (direct, fasciocutaneous, musculocutaneous, or venous).
Random flaps
• No directional blood supply; not based on a named vessel.
• These include most local flaps on the face.
• Should have a maximum length : breadth ratio of 1:1 in the lower extremity, as it has a relatively poor blood supply.
∘ Can be up to 6:1 in the face, as it has a good blood supply.
Axial flaps Direct
• Contain a named artery running in subcutaneous tissue along the axis of the flap.
• Examples include:
∘ Groin flap, based on superficial circumflex iliac vessels. ∘ Deltopectoral flap, based on perforating vessels of internal mammary artery.
• Both flaps can include a random segment in their distal portions after the artery peters out.
Fasciocutaneous
• Based on vessels running either within or near the fascia.
• The fasciocutaneous system predominates on the limbs.
• Fasciocutaneous flaps are classified by Cormack and Lamberty:
Type A • Dependent on multiple non-named fasciocutaneous vessels that enter the base of the flap.
• Lower leg 'super flaps' described by Pontén are examples of type A flaps.
∘ Their dimensions vastly exceed the 1:1 ratios recommended.
Type B
• Based on a single fasciocutaneous vessel, which runs along the axis of the flap.
• Examples include scapular/parascapular flap, and perforator-based fasciocutaneous flaps of the lower leg.
Type C
• Supplied by multiple small perforating vessels, which reach the flap from a deep artery running along a fascial septum between muscles.
• Examples include radial forearm flap (RFF) and lateral arm flap.
Type C flaps with bone
• Osteofasciocutaneous flaps, originally classified as type D.
∘ RFF raised with a segment of radius; lateral arm flap raised with a segment of humerus.
• The Mathes and Nahai fasciocutaneous flap classification is slightly different:
Type A • Direct cutaneous pedicle.
• Examples: groin, superficial inferior epigastric and dorsal metacarpal artery flaps.
Type B
• Septocutaneous pedicle.
• Examples: scapular and parascapular, lateral arm, posterior interosseous flap.
Type C • Musculocutaneous pedicle.
• Examples: median forehead, nasolabial and (usually) anterolateral thigh flap.
Musculocutaneous
• Flaps based on perforators that reach the skin through the muscle.
• The musculocutaneous system predominates on the torso.
• Muscle and musculocutaneous flaps were classified by Mathes and Nahai in 1981:
Type I
• Single vascular pedicle.
• Examples: gastrocnemius, tensor fasciae latae (TFL), abductor digiti minimi.
• Good flaps for transfer -the whole muscle is supplied by a single pedicle.
Type II
• Dominant pedicle(s) and other minor pedicle(s).
• Examples: trapezius, soleus, gracilis.
• Good flaps for transfer -can be based on the dominant pedicle after the minor pedicle(s) are ligated.
• Circulation via minor pedicles alone is not reliable.
Type III
• Two dominant pedicles, each arising from a separate regional artery or opposite sides of the muscle.
• Examples: rectus abdominis, pectoralis minor, gluteus maximus.
• Useful muscles for transfer -can be based on either pedicle.
Type IV
• Multiple segmental pedicles.
• Examples: sartorius, tibialis anterior, long flexors and extensors of the toes.
• Seldom used for transfer -each pedicle supplies only a small portion of muscle.
Type V
• One dominant pedicle and secondary segmental pedicles.
• Examples: latissimus dorsi, pectoralis major.
• Useful flaps -can be based on either the dominant pedicle or secondary segmental pedicles.
Venous
• Based on venous, rather than arterial, pedicles.
• In fact, many venous pedicles have small arteries running alongside them.
• The mechanism of perfusion is not completely understood.
• Example: saphenous flap, based on long saphenous vein.
∘ Used to reconstruct defects around the knee.
• Venous flaps are classified by Thatte and Thatte:
Type 1 • Single venous pedicle.
Type 2
• Venous flow-through flaps, supplied by a vein that enters one side of the flap and exits from the other.
Type 3
• Arterialised through a proximal arteriovenous anastomosis and drained by distal veins.
• Venous flaps tend to become congested post-operatively.
• Survival is inconsistent; they have therefore not been universally accepted.
• Modifying the type 3 arterialised venous flap by restricting direct arteriovenous shunting can improve survival rates by redistributing blood to the periphery of the flap.
Composition
• Flaps can be classified by their composition as:
Contiguity
• Flaps can be classified as: 
Transposition
• The flap is moved into an adjacent defect, leaving a secondary defect that must be closed by another method.
